T wo beloved crops-coffee beans and wine grapes-are on the leading edge of agricultural products that will soon be affected by climate change. Using climate models that predict changes in temperature and precipitation for the areas in which grapes and coffee grow, botanists and conservationists are addressing what is likely to happen to production and how different mitigation strategies may affect local economies and ecosystems. Forward-thinking growers are already experimenting with adaptations.
Both coffee and wine grapes are more sensitive to the climate in which they grow than are many other crops. Most of the coffee consumed globally comes from the arabica coffee plant (Coffea arabica L.). Ethiopia is home to most of the world's wild coffee plants, along with parts of South Sudan and Kenya. But, today, it is cultivated throughout the world, from many African countries to Asia and Central and South America. Despite its geographic span, coffee survives only in a band around the equator, requiring a fairly narrow temperature window and ample rain at the right time.
As for wine grapes, they are found farther from the equator, in regions described today as having a "Mediterranean climate," with warm, dry summers and cool, wet winters. But wine consumption is popular throughout the world, and demand for it is only expected to increase as its popularity in China grows.
How coffee and wine grape producers adapt may help guide other sectors of agriculture over the coming decades.
Wine grapes: Weather patterns provoke adaptations
Steve Matthiasson operates an eponymous winery and consults with other winemakers in northern California. He says that his background, which includes both academic science and agriculture, leaves him no doubt about climate change. He understands the over whelming data that show that the climate is warming, particularly in his wine-famous region.
"As a scientist, you look at [the data] on the one hand," he said. "On the other hand, as a farmer, you look at the weather events that we're having and you start to put two and two together." Although he acknowledges that an individual weather event is neither caused by nor proof of climate change, "the trend is still there," he said. "Anyone who's involved in agriculture starts the day reading the weather report."
He points to one weather anomaly that may be a harbinger of changes to come: a day in 2010 that started at 45 degrees Fahrenheit and capped off at Feature 113 degrees. His grapevines did not do very well with that swing, he said.
Matthiasson is among the wine makers actively engaged in conversations about climate change. Grapes have long been associated with the regions in which they are grown-think Burgundy or Champagne-and according to a 2009 paper in Nature Geoscience (doi:10.1038/ ngeo429), among the regional characteristics that influence wine flavor are the climate, geology, and human culturecollectively, a concept known as terroir. But author Michael White, of Utah State University, and his colleagues suggest that "terroir is less obviously meaningful in a rapidly changing climate."
That motivates grape growers and the industry as a whole to pay attention. What may be devastating in some places could be a boost in others. Already, for example, a New Jersey wine recently won a taste test against some French wines, said Lee Hannah, a senior scientist at Conservation International.
With warmer temperatures and other changes to weather conditions, winemakers may find that grapes do not develop on the same trajectory as they have in the past. "In a warmer than ideal environment, the grapevine goes through its pheno logical events more rapidly," according to a 2012 paper in the International Journal of Global Warming by Gregory Jones and colleagues (doi:10.1504 (doi:10. /IJGW.2012 . That means the grapes ripen earlier and may have a higher sugar content than the grower is used to. Then, while the flavor dev elops, the acidity can be lost, which Jones and his colleagues say results in "unbalanced wines without greater afterharvest inputs or adjustments in the winery."
Those types of adjustments, Hannah said, will be less foreign to New World winemakers than to Europeans. American growers "add sugar when the sugar content isn't quite right in the harvest," he said. They might tweak the acidity. Adaptability, or perhaps creativity, has been important for " letting people grow wines in places where they didn't before." In the future, they may need that ingenuity just to continue growing where they are.
Have a glass of Tasmanian red?
"This is a very environmentally aware indus try," Hannah said. His work has helped that industry understand more about what to expect. Hannah approached the future of wine making from an ecological perspective; he wanted to know how the biodiversity of specific ecosystems might be affected by wine-industry changes. He chose to study wine grapes, he said, because they are so sensitive to climate and are concentrated in biodiverse areas.
Hannah and his colleagues used climate models and the known data about the conditions in which wine grapes do best to produce a map that shows changes in the suitability of different regions to growing grapes.
Already in 2005, a group that inc luded Utah State's White observed in a paper in Climate Change (doi:10.1007/s10584-005-4704-2) that wine growing regions would likely experience different effects of climate change, with some losing suitability as the temperature gets too warm and others becoming even better locales-a prediction refined by the map Hannah and his colleagues developed.
Hannah's interest was in ecological impacts such as water and land usage and subsequent changes to wildlife habitat, but winemakers valued the map for what it says about global wine production in the future. For example, some of the model predictions initially suggested increased wine production in such unlikely places as Tasmania. Now, "Tasmania's definitely not crazy," Hannah said, adding that the models indicate increasing suitability for wine grapes on the Australian island. Farmers and wine marketers there welcome the potential opportunity, he said.
"The industry's responding very strongly to areas that are becoming newly suitable to wine because of climate change or [that] are projected to be suitable," Hannah said. Those regions also include Northern Europe, more of the Pacific Northwest and the Yellowstone-to-Yukon corridor in North America, greater parts of Argentina and Chile, more of South Africa, the southeastern part of the Australian mainland, and parts of New Zealand.
But in growing areas where suitability is projected to diminish, some likely adaptations could put strains on the ecosystems. For example, if the grapes receive less rain, a grower might need to mist them, suddenly tapping a water supply that is already strained.
Hannah is encouraged by the attentiveness of winemakers such as Matthiasson. "There's definitely a mood that we have to plan for not having a whole lot of water," Matthiasson said. "We're modifying how the grapes are trellised so the fruit is more protected from the sun." Shade cloth can also help, he said, as can experimenting with " different ways of getting the canopy to shield the fruit."
Selecting more drought-tolerant rootstocks may also be necessary. Typically less drought-tolerant rootstocks led to smaller vines and better wine quality. But if rains are insufficient, growers will have to go with bigger roots.
Hannah's research suggests that, by 2050, the area of California suitable to wine growing could be down to nearly half of what it is today. And, Matthiasson said, that may lead to more fundamental changes.
"When that happens, we're not going to be able to grow the same variety," Matthiasson said. "We're going to have to switch to ones that are more adapted to heat." That's a bigger business alteration, however, and Matthiasson says that although he trusts the models, he'll still be doing a little waiting and seeing before looking at new types of grapes.
He says that he's confident the California wine industry will survive, but he recognizes the need to be proactive. Weather anomalies will keep growers on their toes. Matthiasson was concerned when this past winter's rainfallwhich would normally come during January, February, and March-all fell in December.
Hannah said that the wine industry's engagement on issues of climate change and adaption could make it a role model for other agricultural sectors, not only in terms of forward thinking for the crop but also in terms of land use and environmental impact. In South Africa, the Biodiversity and Wine Initiative is Feature an industry-government partnership. Vineyard operators are making plans in con sultation with conservation groups to protect rare endemic plants both on existing vineyards and on new ones that are being planned.
According to Hannah, conversations between industry and conservation groups sometimes feel onerous at first, but he expects that the collaborations will ultimately benefit everyone. And if the two groups partner from the earliest stages of adaptation, Hannah hopes that, ultimately, if or when grapegrowing shifts to new regions, some of the environmental impacts could be diminished.
"The big concerns will be how you manage the wildlife and water impacts," he said, and if those concerns are anticipated and accounted for in planning, the panda habitat in China, for example, or bear habitat in California may not be damaged when new vineyards are planted.
The future of coffee raises similar concerns. "If there [were] a place we were going to go after the wine analysis," Hannah said, "coffee would be the next crop."
Impoverished coffee growers are especially vulnerable A 2012 paper by Aaron Davis of the Royal Botanic Gardens, Kew, and his colleagues in PLOS ONE (doi: 10.1371/journal.pone.0047981) generated much attention in the coffee world, because its analysis of data generated by climate models showed that the wild arabica coffee plant (C. arabica L.) is greatly threatened. By 2080, the study's models predict a best-case scenario of a 65-percent reduction in the number of suitable locations for the plant, with the worstcase projection a nearly 100-percent reduction.
Coffee for production of the wildly popular beverage comes from cultivated arabica, but Davis underscores the importance of the indigenous plant for the long-term viability of the farmed kind.
"The history of coffee cultivation is punctuated with [the] industry relying on wild plants," Davis said. "Cultivated arabica represents a recent domestication. They are more or less the same plant, although cultivated arabica has a much lower level of genetic variation." Climate change, especially temperatures in growing regions that regularly exceed the ideal range of 18-21 degrees Celsius, would affect both wild and cultivated arabica. And, as was argued in the PLOS ONE paper, "at temperatures above 23 degrees Celsius, [the] development and ripening of [coffee] fruits are accelerated, often leading to the loss of beverage quality."
Those are words no coffee-loving consumer wants to hear. Davis said that the futures of wild and cultivated coffee are inexorably linked.
Steve Matthiasson sorts through freshly picked grapes. Photograph: Lowell Downey. Feature "Robusta (Coffea canephora) [a species that accounts for about 30 percent of coffee production] was only 'taken from the wild' in the early 1900s," Davis said. Then, in the 1960s, researchers collected germplasm from Ethiopia that has been used in breeding programs and for crop development, he added.
"Ethiopia is our genetic storehouse," Davis said. "If [wild arabica disappears from Ethiopia], arabica production may [be] in jeopardy in the long term. The industry may believe they have all they need… But what if they don't?"
As with wine grape production, coffee growers have two broad strategies for adjusting to the warmer growing con ditions: stay and adapt or move. And, again like the wine industry, those engaged in adapting coffee to a new normal may address land-use impacts at the same time in order to prevent adverse ecological and economic impacts.
Shade in Kenya
Juliana Jaramillo comes from the cultivated-coffee-growing giant Colombia, but as a scientist with Leibniz University of Hannover, Germany, her research on the plant led her to Nairobi, Kenya. Of her arrival there in 2007 as a visiting scientist at the Inter national Centre for Insect Physiology and Ecology, she said, "I could see the tremendous impact that urbanization and ENSO [the El Niño Southern Oscillation] can have in the local climate. Then, almost every year, there were outbreaks of new insect pests (in East Africa), which I take as an indicator of a disturb [ed] or changing environment."
One problem that Jaramillo has focused on is how warmer temperatures increase the survivability of the main coffee pest, the coffee berry borer (Hypothenemus hampei). Unfortunately for coffee plantations the world over, the berry borer doesn't mind the heat. Its range and the damage that it causes to crops have already increased, according to a 2011 PLOS ONE paper that Jaramillo published (doi:10.1371/ journal. pone.0024528). In it, she cites earlier research in which it was claimed that, if growing regions see an increase of just 1 degree Celsius, on average, the resulting boost to the berry borer population could lead to "serious consequences for coffee production, including plantations in Brazil, Mexico, and Uganda, in some cases rendering production very difficult."
In the 2011 study, Jaramillo calculated that the number of generations per year of coffee berry borer could double by 2050. The projections also suggest more intense and more frequent ENSO events.
Because the coffee plants prefer cooler temperatures and the pests do not, Steve Matthiasson (left) surveys his vineyard from the harvest trailer with two workers as they wait for pickers to add fresh grapes to the big white bins. Once the grapes are in, the three men will begin sorting out leaves and other unwanted detritus. Photograph: Marcus Jackson.
Feature
shading the coffee berries may make some sense. Among small-scale producers in Kenya, Jaramillo found anxiety about climate change's threats and an audience receptive to experimenting with shade. "It is definitely a big concern for East African growers," she said, "not only because of changing precipitation patterns and failed rainy seasons but also because of diseases and pest outbreaks."
So she enlisted some Kenyan growers to help her find out how much difference a little shade might make. In a resulting 2013 paper in PLOS ONE (doi:10.1371/ journal.pone.0051815), she and her colleagues noted that, until the 1970s, shade had been the norm. But as sunresistant coffee varieties became available and pressure for greater yields intensified, "coffee growers had incentives for These wild coffee forests are on the edge of the Boma Plateau, South Sudan. Royal Botanic Gardens, Kew, researcher Aaron Davis and his colleagues have made recent field surveys of wild arabica coffee, which they say is threatened by climate change. Photograph: Aaron Davis.
A coffee plant growing in Uganda. Photograph: Nathan Leibel.
Feature increasing productivity on their farms." They no longer depended on shade. But in the current circumstances, shade may become a driving economic factor. "Shade trees protect plants from microclimate variability [and] from the effects of lower precipitation and reduced soil water availability and reduce high solar radiation," Jaramillo and her colleagues wrote. That makes the plants less vulnerable to daytime changes in air temperature and humidity. Jaramillo and her colleagues found that the plants growing in the shade produced nearly 11 percent more berries than those grown in full sun. Also, careful assessment of the specific location of the berry borers in the berries on both types of trees (shaded and sun) demonstrated that the insect does better in the sunnier environment, which contributes to the benefits of shade.
Half a world away, coffee growers in Nicaragua are also confronting warmer temperatures, the potential for more coffee berry borers, and the question of how to survive. For some, as for some coffee growers in East Africa and some winemakers, the answer may eventually require moving to a higher altitude. As in Kenya, small-scale coffee growers in Nicaragua tend to be poor, and the prospect of moving one's livelihood to a new location presents myriad problems, not least of which is that it would require a multiyear investment-something a grower may not have the capital to survive. Switching to shade-grown varieties offers one alternative. But the researchers also posed a different question, one as much for policymakers as for farmers: At those altitudes at which coffee's viability is most precarious-or in places in which no altitude high enough for long-term coffee growing exists-could foresight and planning lead to "the transformation from one high-value perennial cropping system to another (e.g., cocoa)?" "In planning for climate change, we face all of these variables and uncertainties, but sometimes, what we do know is what matters most," Peter Läderach, a climate scientist at the International Center for Tropical Agriculture, based in Managua, said in a press release accompanying the PNAS paper. "By embracing these certainties, we can help these farmers weather the coming storm and protect a vital source of income." The paper suggests long-term planning to make the transition from coffee to cocoa viable for some producers.
Although the United States has little territory suitable for coffee growing, it is the world's second-largest importer of coffee (after the European Union). The US Department of Agriculture estimates that the country will consume 1.4 billion kilograms in the 2013-2014 crop year. The economic impact is, therefore, significant, and for those engaged in the industry-beyond simply as consumers-the challenges of climate change have already prompted some action.
Thirty Feature or land-cover changes not only on the coffee plant but also on the pests, diseases, and natural enemies that can affect coffee's success. She added that the economic reality for producers also plays into the scope of impact. "Poverty makes farmers very vulnerable to even small environmental changes," she said. That's part of the reason Jaramillo says that tailor-made solutions should be another research priority.
Schilling says that World Coffee Research built into its framework that research projects are conducted "through the lens of improving the livelihoods of the producers, because if we don't consider their welfare, we could make a huge mistake. Everybody knows they are the low man on the value-chain totem pole and that just has to change in order to grow the industry."
For the wine and coffee industries, climate change is already forcing adaptations-although that's not yet true for all crops, especially in the United States. But Steve Matthiasson, the winemaker, said he's surprised that others in American agriculture have not been as proactive in responding to climate change as grape growers have. 
